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The present invention relates to. a distributed computer system and relates particularly, but not 
exclusively, to a multimedia distributed cbiect-based conference system. 

The object-based aoproach to system development is becoming well-established. The basic idea is to 
program the system m terms of software objects, each having its own data and methods for operating on 
the data. Objects intercommunicate by means of messages. An advantage m encapsulating data and 
metnods m this way is that the resulting system is relatively easy to maintain and develop. An example is 
NewWave Mail (produced and sold by Hewlett-Packard? which is an object-based electronic mail applica- 
tions program m which messages anc message components, such as te:<t. distribution lists, etc. are treated 
as obiects. 

An object can be regarded as a discrete entity which can individually be moved, copied, destroyed, etc 
An obiect is initially some data stored on disc or other medium, if object management software wisnes to 
pass a message to it. one or more processes will be initiated which read the data as part of initialisation, if 
an obiect is fully defined by its data and has no processes associated with it. it is said to be "inactive" If an 
object has one or more processes associated with it and »s defined by the state of that process or 
processes and data then it is said to be "active". 

A distributed object based system is one m which several workstations are interconnected over a 
network and messages between objects of the system can be sent over the network. Objects themselves 
may also be transmissible over the network. A network may comprise several interconnected intelligent 
workstations or a central computer connected to several terminals 'workstations) or several interconnected 
server machines with intelligent workstations connected to each server, or a mixture of these possibilities. 
The term "workstation" is intended to be applicable to ail of these possibilities. 

in a distnoutecl object based system there are benefits m splitting sharable semantic and presentation 
parts so as to enable more than one user to access the semantic part of a shared object. For example, m 
the context of a distributed conferencing system a whiteboard object would have a semantic part defining 
the state of the object and a presentation part for defining the appearance of the object to be displayed to a 
user and for enabling the user to make input. Several users may have access to a presentation part for 
viewing the whiteboard object so that they can each mane contributions »n a manner similar to a group of 
people clustered around a real whiteboard. 

The workstations may be arranged m a client-server arrangement with semantic object parts stored on 
server machines and presentation object parts stored on client machines. Alternatively, semantic object 
parts may be distributed around user machines on a network of intelligent workstations. 

According to the present invention we provide an object based distributed computer system comprising 
a network of workstations and means for transmitting objects oetween workstations characterised by objects 
including a first object type for storing data and a second object type, for presenting data to a user, wherein 
objects of the second type reference an associated object of the first type to enable a plurality of users of 
workstations to access data of the obiect of the first type, comprising means for transmitting an object of 
the second type between workstations thereby to create a teference to the associated object of the first 
type for each workstation receiving an object of the second type. 

The present invention provides an effective way of enabling further users to have access to a semantic 
object part, either for the purpose of autonomous working or for the purpose of participating m a joint 
activity. 

in the embodiment to be described, the system comprises means for copying an object of the second 
type between workstations. In that embodiment transmitted objects of the second type include an identifier 
for the associated object of the first type. 

The system according to the present invention may be m the form of a conferencing system comprising 
means enabling users of the workstations to participate m a meeting over the network wherein objects of 
the first type store meeting data and objects of the second type are for presenting meeting data. The 
invention also provides a method of convening a meeting using such a system comprising transmitting an 
object of the second type between workstations thereby to create a reference to the associated object of 
the first type for each workstation receiving an object of the second type. 

It is believed that poor communications are a major cause of the poor performance of distributed teams 
of oeople working on a given project. The present invention aavantageously provides an improved 
conference system for facilitating distributed meetings. 

A particular embodiment of the present invention will now be described, by way of example, with 
reference to the accompanying drawings m which- 

Figure i is a diagram of a distributed system according to the present invention: 
Figure 2 shows the major components of a server and workstation of the system: 
Figure 3 snows a voice and data network structure: 
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windows. 

A possible video network is shown .n Figure 5 The v.deo network .s based on a central v.dec sw.tch 54 
connected using a star topology to client workstations C Video signals are modulated on to VHF earners 
and transmitted over standard analogue cabling 56. The video switcn 5-1 .s a conventional cable television 
switch. Several sucn switches can be cascaded in a bar arrangement for large systems. 

For long distance video communications, a device 58 for comcessing and decompressing video 
signals (a "codec") may be used and the signals are transmitted using ISDN telephone lines. 

The architecture of ;he obiect-based system 10 will now be described. 

With reference to Figure 6. me structure of one user's portion of the system , s represented The 
functions of the objects are as follows: 

a Venue object (V) ,s an electronic meeting place allowing control over media channels and providing a 
location for storing shared cbiects. A user may nave several Venue obiects: 

a Phone Booth object (PB> controls the creation of Venue objects and oversees the setting uo 
maintenance ano closing down of conferences. The PB comprises a processor lor handling incoming and 
outgoing calls: 

a Connection Manager object (CM. controls driver components <0- ... D„) which handle media 
connections for the system 10: 

a Directory object (0) which provides a list of potential meeting participants. 

Object X represents another system object for performing a specific meetmg-related function, eg a 
whiteboard function. 

Figure 6 is a conceptual representation of the system 10 and the arrows represent .nter-object 
communication, in the embodiment being described, the system comp,.«es client workstations C and 
servers S and most of the objects referred to m Figure 6 are functionally-split into a server component and 
one or more client components as indicated in Figure 7 

The server objects handle' the centralized and distribution • oriented aspects whereas the client objects 
handle the presentation aspects. Hence shared applications can be written with one server object connected 
to a plurality of client objects on different client workstations 

In F.gure 7. PB-s means a Phone Booth server object and PB-c means a Phone Booth client object 
and so on. 

In this embodiment, the client objects are implemented as NewWave cbiects ie. several new classes of 
NewWave objects have been added: Venue objects. ROAM objects. Whiteboard objects. Phone 8ooth 
objects. Thus the semantic part of these functionally split objects runs cn an HP-UX server and the user 
interlace runs cn MS-OOS NewWave client workstations. 

The client workstations are each running an object-based system of the type described m European 
Patent Application No.339220A. the description of which is incorporated herein as Appendix A. Appendices 
A-0 mentioned m attached ' Appendix A are not attached as part of this application but are incorporated 
herein by reference. Appendix A describes how objects are linked together by parent-child links and how 
objects can be copied. During a copy operation, the container of the ooiect to be copied sends a message 
to the OMF28 ask.ng the OMF28 to copy the relevant object and identifying the container object which is to 
receive the copy obiect. 

The OMF28 performs the copy function and then sends a message to the target conta.ner object 
instructing it to insert the copy ooiect as one of its child obiects. 

Mailing an object involves serialising the object, transmitting ,t to its destination and deserialising .t 
Serialising an object involves converting it to files, say DOS files, containing the data of the object and 
information about its properties and its child objects. 

Server obiects are not linked by parent-child links m the manner .n which client objects are so linked. 
All client objects contain a reference to their associated server obiect. Figure 3 shows the form of data item 
60 used to name objects. The data .tern 60 >s an e.ght-oyte array following the convention used for internet 
Protocol (IP) addresses. The first 64 bits -s a machine identifier M I D comprising a 32 bit server IP address 
and a 32 bit machine IP address. For a server object the server IP address and the machine IP address will 
be the same whereas for a client object these will be different. If there is only one domain per machine, the 
domain identifier D 10 is zero. The object identifier O I 0 comprises a 32 bit generation count and a 16 bit 
tag. The 16 bit tag un.rjuely identifies the obiect w.th.n the relevant storage domain. Since tags are reusable 
when an obiect is deleted a generation count is used to ensure that each obiect is uniquely-named m time. 
The generation count is simply the time in seconds. 

When a client object is closed (inactive! .t appears as an icon on a user's screen. The user ooens the 
object by click.ng on the icon Opening a client object causes .t to seno a message to its associated server 
object informing the server object that the client obiect ,s now active a Here Am I message. Until then 
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Figure 4 shows video facilities for a client workstation. 
Figure 5 shows a video network structure: 
Figure 5 illustrates the mam objects m the sy«»m 
Figure 7 :ilus.rates the funcnonaliy split nature cf the octets .n the system 
Mgure 8 shows the ma,or components of the system infrastructure- 
figure 9 shows a typical Venue. 
Figure 10 shows a CoMed.an directory 

F™ ' P7 " ,UStfa,e meSSaQe SeqUenC9S '* 0r S * S,wn ^erat.ons: 
^gures '5-27 snow screens during a typical user se«.r>n 

The ma,n components of a mult.-mea.a district -.oiect-h^c^ -„„, 
mvennon w.ii first be described. -Oiect-based ..onf efe nc.ng system accord.ng 



to the 



s 



Referring t0 Figure i. a multimedia distributed *hect-h«.*i < 

present ,nven tl0 n , s .ndicated at 10 The «v«t»m in ™ --onference system accord.ng to the 

network ,2 may be a wide area J^WAN, ^ "Zf ^ S COnneCte ° ™ 3 « ™e 
>s network (MAN). Cent workstat.ons C are connected lo eU 0 thTs "eTs Etch's rl 3 me,r ° P °" ,an 

Servers S commun.cate with each other b, ooen.nn virtu* -„r, k S " e fequires 3 server S 

P"nc,p... Client workstations C could ^mJ^Z^^ ^T^ ^ °' ^ m 
and therefore each client workstation C has only one virtual chlnnl Cfeat6S PraC " Cal proC)lenns 

client workstations to commun.cate w.th each other viad s '° " S '° Cal ^ S t0 enaD,e 

K Referring io Figure 2. each server S compnses: " ' 

• hardware 14. such as an HP9000 300 HP-UX .-.-.mouter ,up ,« , , „ 
Company): -mputer ,HP , s a trMe mark Q( Hew , 9|t p ackafd 

operating Sys t e m software 16. such as HP-UX software- 
Remote Object Access Manager (ROAM) «oftware'ia lnr 
m workstations C connected to the servers and oi^r ^ oils nZTT^ COmmun ' ca,,ons Cent 
COM software 20 providing object management faolaies 
server obiects 21 which are obiects to *e shares bet 
ooject parts mentioned m the introduction. * USe ' S a " d VVh,Ch corre£ P°"d ?o the semantic 

Each client workstation C comprises: 
w hardware 22. such as an IBM-AT compat.bie PC 

operating system software 24. such as DOS software 

windowing software 26. such as MS Windows aop.icat.ons software 

an object management facility (OMFi 28 sum a <= a <it»n« ar M k, 

« objects software 30. such as NewWave obi*ri« *ni -«1 -Gttwarei. 

lor nandhng commumcat.on with <^^ ^Z^^T'*L eUWt 32 a " d 3 R0AM ob ' ect 34 

presentation object parts mentioned ZSZcZ ^ ° b)eC,S 32 COrresocnd '° 

The user of a client workstation C therefor* h ae * 
objects of the system and can cJ*^ ^;?£^ U9 " ^ ^ ' C 

0 server S. ' tC 0e f ' ansm '"ed over the network 12 via the associated 

The system to provides multimedia facility to u«ar« Fir * 
voice ano or video communicat.on fac.lit.es as well as data -™ C '' em wcrkstat,on c m *V "*ve 

A possible vo.ce ana data network strucWofl . . .? w0ma, e un,ca,,on fac '""es. 
and 8. a networked PC server 4 2 , S contc^he S^x T ^ °' ^ S " eS * 
5 muiti-port telephone interface cards (such as the VBx inn M - SerV6r 42 COnta ' ns one or m0fe 

PABX ,s controlled by the PC server 42 and user, rfo ^ by NatUral M '^sys.ems inc.). The 

are connected to the local PABX and convenient 1^,^ eX ' St ' n9 Standard ° esk «* vvh. C h 

Each 0. the sites A and B comprises a^AN and a unwan W ° fkSta,, ° nS ° 
WAN. LAN and 3 LAN WAN bridge interconnecting the LAN with a 

In use. the PC server 42 rece.ves commands from servers s .0 ... 
telephone conference calls. To the PAex the PC « 1, b to set up. maintain and close down 
•nerefore d,a. ether users add.ng them ,n ,0 conferenceca.ls ^TMF * ^ ™ Can 

m order to conduct conferences over a wider area. PC servers 42a Tnn 4?h 
connect to each other over the public sw.tcnen d 2b on res W<e sites A and 8 

» tne conference. ° ' e!e,3n0ne " e,vvork ,PSTN > ™ add in the.r own local users 

Referring to Figure 4 each rUent wr,rifc»ar. rt « r 
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Button Appearance 


Meaning 


No button 

White, unhtghhghted 
eiack 

Red 


This person does not have this media channel available. 

The media channel is available, but not chosen for use. 

The media cnannel has been selected, but is inactive because the person 

is not present in the Venue or the connection has not been completed yet. 

The media channe! »s Demg used. 



The lower portion of the Venue is taken up by the shared object area 73. This acts as a shared foiaer. 
storing objects on the server and making them accessible to all users of the Venue. Inactive objects are 
represented by an icon such as icon 38 m Figure 10. Objects m the shared object area 78 may oe client 
objects e.g. Whiteboard client objects, or may be standard NewWave objects, it is possible to move objects 
mto and cut of the shared object area 73 of the Venue-client object. Moving a functionally-split object such 
as a Whiteboard object mto the shared object aiea 78 aces not entail moving the Whiteboard-server object 
but just the Wh.teboard-chent object. The OMF28 instructs the Venue client object to insert the Whiteboard- 
cl-ent object as one of its children. The Whiteboard-ci.ent object is then serialised by the Venue-client 
object ana sent to the Venue-server object. The Venue-server object updates its other active Venue-client 
object with the news that a new Whiteboard object is available m the Venue and these Venue-client objects 
disoiay the Whiteboard-client object icon in their shared object areas 78 accordingly. The Wh.teboard- 
server object remains on whatever server »t was initially stored. Subsequent opening of the Whiteboard 
object by any of the users of the Venue cause a copy of the Whiteboard-client object to be serialised by 
the Venue-server and sent to the relevant client-workstation where it is deserialised providing access to the 
contents of the Wniteboard object for that user. When that user subsequently closes (deactivates) the 
Whiteboard object, the copy of the Whiteboard-client object remains on that machine for subsequent use. 

In contrast, if a NewWave object icon is moved mto the shared object area 78 of a Venue-client object, 
this causes the NewWave object to be serialised and sent from the client workstation to the server machine 
which stores the relevant Venue-server object. The Venue-server object then instructs its other active 
Venue-client objects to display the relevant NewWave object icon. Subsequent opening of the Newwave 
object by a user of such an active Venue-client object causes a copy of the NewWave object to be made 
ana sent to the relevant client workstation. Each such user thus obtains a separate copy of the NewWave 
object and changes which a user makes are not reflected m the copies held on the other users' machines. 
This is a consequence of the non-functionaily split nature of NewWave objects and is an -mpiementational 
feature rather than one which is important to the present invention. 

There is one Phone Booth server object on every server machine and one Phone Booth client object on 
every client workstation. The Phone 8ooth client object arranges for the creation and activation of Venue 
client objects on client workstations and the Phone Booth server object manages the creation of Venue 
server objects and the convening of Venues. On opening a Phone Booth client object the user is presented 
with a directory 90 of oossibie meeting participants as shown m Figure H. The directory 90 comprises a list 
92 of potential participants, an area 94 for displaying a picture of a participant, a media selection area 96 
and an options area 98 displaying three options: Convene Select and Cancel. Unavailable media options 
are greyed out in the area 96. 

When a name is selected by choosing the Select option and then selecting a name from the directory 
90. a picture of that participant appears m the area 94 as shown. The media connections are selectable by 
checking the relevant boxes in the media selection area 96. Checking the box beside the name of the 
person in the area 94 adds that person to the list of Venue participants. In addition, the initials of the media 
options chosen (Phone. Video. Data) appear against the participant's name m the list 92. A previously 
selected participant can be de-selected by de-checking the box beside the name of that person m the area 
94 Taking the Cancel option means that none of the changes made since the window for the directory 90 
was brought up will oe implemented. The Convene option win be described later. 

There is also a Connection Manager obiect on each server machine providing the facility to interconnect 
users using different mecia. The Connection Manager jDiect handles the generic operations involved m 
establishing non-data interconnections. Drivers for each medium available, eg. video, telephone, handle the 
specific operations involved m carrying out switching requests ounng uS e. The Connection Manager object 
performs the following services: 

maintains a list of meaia resources available m the system 
- detects wnen resources fail 

• monitors resource channel availability (;e. monitors, microphones, speakers, cameras): 
sets up connections oetween peopie using different meaia- 
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the server ob,ec: . s unaware of the existence of the Cen, ob,e<-t m other words .,„■,, h , 
server cb.ects are non- ce rs.stent and weak" . e the e^tenrl ni a « be,ween C '' ent anc 

existence of a corresoond.ng Cent ob,e°t and^^Sv . 7 ^ 9ua ' an,ee ,he 

correspond^ cent ejects Ich are ' ^ "°" 0,8 ' aent ' t,es °' 
« - state of -he ob,ec, ano can make mpu,^ "Z^ Z ^Z^T ' ™ ^ 
wer obiect. r e.juian/ updates. «nd is upcated by. the 

F.g U re 9 depicts the components involved .n a typ.cai active ^ rvPr QhHir . ^ 
c«.en, obiects on two different c i.en, workstations C- an ' > C Eacn e'e^t , , " aSS ° C:a ' ed W ' th 

comprising components ident.fymn the recant n,» nt ' 9 ' Ven 3 un,Que 00|ect 'flentiher 

o ^ for ,a P ar„cular ob^t! On £ ^^^^J^»™* <*™ ^ • 

for keeomg a record of what ob.ects are D re«-n«v" 3 nVp ? ' management facl.ty (OMF) 60 

-n ob.ect creation and deletion. ob.ee nam ng'^eM kuv^IT T^" 0 " ^ ' S '^"^ 
'Outing. Th,s „ a standard NewWave OMF Th're ^l*" a ™ deac,lva <'°" «* inter-ob.ect message 
stat.cai.y linked to each client object CO providma acc«sHl man39e ' Hbrary ,C0ML, e-C) 6. 

5 other words, the COMLIE-C 61 has been added ,n . 1 '^t-cnal.ty of a ROAM client ob.ect 62. In 
funconaliy so.,, objects. Col^ CiToSlSr ° b,6CtS *° ^ ^ ° D,eC ' S <°< 
need to know the ob.ee, .dent.fiers of other odX ^ou Z " ° b|ec,S ^ 

> 54 A ser,er ob,ect manager ^C^s mT^^S ^ ^ "'^ 
access to the functionality of the ob,ect management fa.; ^ 63 an^ ROAM e T ° b ' eCt S ° enab " ng 

When cent ob.ect CO- wishes ,o send a message -c " Z^lTnn *** ^ 
cent ob.ect 62 passes ,he message to ,he ROAM server Z£ 2 ^ I * ^ S °' the R ° AM 

server ob,ec. SO. Messages from me server n b ,ect SC * o ^rT*l , P3SSeS the meSSage on t0 the 
message ,s to be sen, between ob,eets on S« ^ " 3 

mvolv.ng the ROAM server ob,ec, 66 Messacec J C0MUB - S 65 sen ^ '« d'^Cly w.thout 

zs? • — 

^XZz~ s v:^z B :r^zz ™° * — «... ^ 
:::::: =r - - — «~ - — - ^^^^^"^rr: 

«.,«,, .« UM in me m ,.„„, aT" *,^"*' 5 Ca " 08 C °'"" > " M e '""»< ">« » • »n»M area 78 

»0 Se n, anc s ,a, US Banner "STw an Z„T r" 6 " 1 '' ""' " Se ' ' S ^ ,Be ™«"» » 

..n,,ow ! , ! ava, 1 a.lean<,,n.. i L S„,™ s „ y os °, e ' ePI8CM " y 3 mo " on *** «**> - 

aeneain me oanmoants' axa are mree meaia Buttons ss in. - 

can oe ,n one of lour states. The states are: .eiepnone. v,aeo ana oata ana each one 
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workstation B to the Phone Booth server object PB-s. if the invitation -s accepted a Create Venue message 
(referenced 6) .s sent from the Phone Booth servei object PB-s to the Phone Booth client obiect PC-c 
which causes n to create a new Venue client object V-c' on client workstation B involving sending a Here Is 
Parent message (referenced 7) to the new Venue - client object V-c' to notify it of the identity of the Venue 
5 server object V-s. The new Venue client object V-c then sends a message (referenced 8) to the Venue 
server obiect V-s requesting information about the contents of the Venue. The reply from the Venue server 
obiect V-s is referenced 9 in Figure 13. 

Messages corresponding to those referenced 6-9 are sent between the server S and client workstation 
A so as also to create a new Venue-dient object v-c on that workstation and these messages are 
referenceo 1 0- 1 3 m Figure 13. 

Finally, the Venue server object V-s sends a request neferencetf 14) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager obiect instructs the relevant 
media drivers accordingly (dotted line referenced 15». 

The users of client workstations A and B can then communicate using the newly created Venue 
■•s it is also possible to convene an existing Venue by selecting the Convene option within the Venue. 
This initiates a sequence of events whicn will he described with reference to Figure 14. Again, a server 
machine S and two client workstations A and B are represented. 

The user selection of the Convene option .s referenceo 1 m Figure 14. This causes the- Venue client 
object v-c to send a Convene Request message ueferenced 2) to the Venue server object v-s which 
so notifies the Phone Booth server object PB-s of the convene request in a message referenced 3 whicn 
identifies the .mended meeting participants. The Phone Booth server object PB-s sends a Ring message 
(referenced 4) to the Phone Booth client objects PB-c on the workstations of the intended meeting 
participants causing a dialogue box to be displayed on these workstations .nvit.ng the users to partake m a 
meeting. When these users accept or decline the inv.tat.on this causes a reply message (referenced 5) to 
« be sent from each Phone booth client object PB-c' to the Phone Booth server object PB-s. 

The next step is for the Phone Booth server obiect PB-s to instruct (message referenced 61 the Phone 
Booth client obiects PB-c ? to create new Venue client objects V-c on machines where a Venue client obiect 
linked to the Venue server object V-s is not already stored. Such new Venue ci.ent objects V-c then senq a 
message (referenced 8) to the Venue server object V-s requesting information about the contents of the 
30 Venue so that the appropriate .cons can be displayed m the shared area 78 of Figure 10 on the respective 
client workstations. The reply message containing' information aoout the contents of the Venue from the 
Venue server obiect V-s is referenced 9 in Figure t3. 

The Venue server object V-s then sends a request .referenced 10) to the Connection Manager object 
CM to set up the chosen media connections and the Connection Manager obiect instructs the relevant 
js media drivers (not showni accordingly (dotted hne referenced in. The distributed meeting can then 
proceed. 

A user can also set up a new Venue by selecting a Create a New menu option in NewWave Office 
_ (F,gures 14-17 of Apoendix A). On opening the new Venue-client object a Venue-server object also needs to 
be created. Figure 15 depicts the process. A server machine is indicated by S and a client workstation by 

'Q C. 

The act of opening the new Venue-client obiect V-c causes it to send a message (referenced i > to the 
Phone Booth client obiect PB-c which triggers a message (referenced 2) to be sent from the Phone 8ooth 
client obiect PB-c to the Phone Booth server obiect PB-s requesting creation of a new Venue server object 
V-s. The Phone Booth server object P8-s creates a new Venue server object V-s using a Venue Start 
message (referenced 3». Next the new Venue-server object v-s sends a Here Is Parent message 
(referenced 4) to the Venue-client object V-c containing me ID of the Venue-server object. The new Venue 
client object v-c then sends a message (referenced 5, to the Venue server object V-s requesting 
.nformation about the contents of the Venue and there .s a corresponding reply (referenced 6) from the 
Venue server object. 

it is possible to add new meeting participants to an active Venue by selecting an Add New Member 
menu option. This causes a directory of potential participants to be displayed as shown .n Figure 1 1 to 
enable the selection of one or more further participants and associated media connections. Information on 
these choices .s conveyed from the Venue client object to the Venue server object which updates the 
control panels of the relevant Venue client objects. Chosen new meeting participants are not aware of any 
55 change until someone convenes a meeting. 

When a user elects to close a Venue by selecting a CLOSE option this causes a message to be sent 
from the relevant Venue-client object to Us Venue-server object informing the Venue-server object that the 
venue-client object is deactivating. The Venue-server object then messages the Connection Manager object 
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■ point-io-point 

■ multi-pomt: all that are available 

maintains list of established connexion*: ann ^- 
a model of the state of other netw 0 Ts ° syncnron, aM n *„h other network ,e mamtams 

optimizes switching to prevent unnecessary disconnect -connect transactions- 
orov.ces an .nterface for momtonng ana auditing: 
proviaes interface to media drivers 

Another functionally solit obiect which , S provided m this f„. Mm e ,„„ ««. . 
ojcv-ae* users w, h a shared computer wh,te^ A Wh *<^ 

Wh,teooard or acquire an .mage from another SOu rrp a 1 1 3W ' wnte and type on n,s her 

same Wh.teboard on d.fferem cI.enT w 0 < n on < th be V ' S ' b,e t0 °* er users v ' ewin 9 cne 

„,„ a „„» s u!ets „ tt0 ;;; ;: c j;::^:;r:,e ,:; e r„v 36,K ' an ,n ' oms "< n "™« 

-s devoted to d.sp.aymg the interns he Zeb^ n". " ^ ^ 106 °' the ^ 100 
Hewett.PacKard office. At the bottom of thl Inaow 00 s n laToa n^? "T^ ^ * 3 
are available to the user of the Whiteboard. These tools com "*«*'"g the range of toois wn, C fi 



30 



-0 



a scroller 
a pointer 

a selection ot different coloured pens 
an eraser 
a text selector 



1 10 
i 12 
i u 
< 16 
M8 
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Apart from the pointer 112 thp rnm« 3 r fl _ 

Only one user can move the pointer 1 12 at a r.m* a * . , 
Po,n te r ,ogo - this turns the cursor into a pointer At ^ "Tl^T °' ^ P °' nter by C " elw " °" « h « 
cannot see the pointer n 2 . r 0 show the oomter i ts ,*T " ' JSe ' S v ' ew,ng the Wn "eboard 

tn. drawing area .06. The pointer , ,2 then hill < V?*' ***** *° C " CK " d0W ° « 3 = hose " P«"t .n 
oosit.on. The cursor of the user X hfs m " « h ! '° *" °' ** Wh,,eboa ' a «« at that chosen 

L.*ew, se the seven " 2 t0 * e — 

.go. enao.mg different users to maT.nput T^X^'^ * ^ °" ^ a " W »«« Pe " 

Wn.^d can *^T2^^^ ~ A '-- «VP,o of ,e,t onto the 

o, hB T™ ^rusTsst 3 S,3tUS meSS39e ^ ° S6rS dPe " * »* — - 

*« tzzszz: em accordmg to the - - - <**>»«. ««n^ 
c^^™*^ * escr ^ — - - ^ „ and se(ects the 

and the numbered sequence d me ^ T "™ ^ ^ " *^ ™ "™ 

wor^stanons A and 8 connected to the server * 3 and two c " ent 

Phone Booth client od.ect PB-c On the Ml 7LZI I °° " otk ™™ there -s mma.ly a 

and a Connection Manager oVec^CM * S "*'* 3 Ph0ne Soo,h ob.ect PB-s 

Booth ch.ru oh )e ct PB-c to the P^JZ^^ ^^r^ * * ^ 

3ooth server ob.ec. to create a n ew Venue ^ZTolTc V c ' ' " ,h y erver e mach '" e S causmg the Phone 

The Phone Booth server ob,ec. PB- then V e n fl T a » I" * 9 3 Venue S,art messa ^ (referenced 3). 

ootect Pe-c on client worKs tation B mw^VV*"* "t^" 3 4 ' *° ,he Phone Boo,h 

-„,ng tne user t0 !3 Ke part ,n the proposed mee tnn r - " °" ** ^ °' d ' ent ^««,on 8 

:orresoon a ,ng ^ssage (referenced 5, to fc e ,a„?, r ^ ^ - ^T' 3BChnM ,h » Hon ca«,ng . 

sen, from .he Phone Booth client 0b(6ct PB . C . on _ |ient 
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To "open" an obiect. the user double clicks on the -eievant icon Referring to Figure 17 Martin has 
ooened the Proiect Meeting Venue which ,s shown m a *moo« t74. The wnaow 174 has a menu bar i '6 
wn,ch has similar options to the menu bar 1 30 of the -«.naow 125 except a Meeting option instead of the 
Setting option The window 174 Jisplays a participants area 178. shewing only Martin, and a shared .terns 
area 1 80 which ,s empty. Underneath a bit map 182 of Martin is a name bar 184 which includes a 
notification of presence and three media control buttons iSS-7 for Phone. V.deo and Data respectively Only 
the Data button t87 is highlighted m this example. >e. blacked out in Figure 17 

On selecting the Meeting option from the menu oar 176 of the window 1 74. a CoMedian directory 
w.ndow igo appears. Figure 18. The reference numerals for the CoMedian d.rectory which were used in 
F.gure 1 1 w.n be retained here. Martin selects the name Richard Jennings from the list 92 of potential 
partic.pants caus.ng a p,cture of R.chard to appear ,n the area 94 together w.th crosses .n the video and 
data boxes m the area 96 to indicate Richard's media selections. Th.s means ttiat Ricnar(j wjl| he contacted 
through the system for data shar.ng with both video and audio travelling over video connections Martin then 
cicks on the Convene button in the options area 98 to add R.chard to the Venue which causes Richard's 
image to ,o,n Martin's .mage m the Venue as shown at 192 m F,g U re 19. Richard is marked as absent at 
194 and a banner 1 96 .s displayed indicating that he has been mv.ted Martin has selected both video and 
data connections for himself .n order to match what was selected for R.chard. Th.s causes the video and 
data outtons 1 86 and 187 to be highlighted in a first colour to show that they are currently ,n use albeit only 
locally to Martin's own workstation. Richard's video and data media buttons 186a and 187a are highlighted 
20 m a second colour to indicate that they have been requested Out are not yet m use 

While waiting for Richard to |0.n the Venue. Martin .s moving tne Design Notes and Design Principles 
obiects 170 ano 1 72 into the shared items area .80 of the Venue by clicking oh each ob,ect and dragging it 
to the area 1 60. 3 ' 

Moving now to Richard's workstation, shown ,n F,g U re 20. the invitation to jo.n the Venue has reached 
h,s mach.ne and has caused a bell 200 to apoear at the bottom of his screen. The bell 200 is flashing and 
making a rmgmg sound to attract his attention. Richard clicks on the bell 200 and the result is shown ,n 
F.gure 21. An .notation message box 202 is brought up telling fl.chard that he has been invited to a 
meeting and g,vmg the name of the meeting and the name of the person who convened the meeting The 
mv.tat.on message box 202 compnses two options: Accept and Decline. Richard clicks on the Accept option 
jo to accept the invitation to |Oin the meeting. 

Referring to Figure 22 accepting the invitation causes a Venue client ob ( ect automatically to be created 
and a window 204 to be opened for Richard. The chosen media connections have been set up so that 
Ricnard can now see and hear Martin and the objects that Martin has placed into the shared items area 180 
are available to h,m. Figure 23 shows that Martin can s ee the same Venue having the same contents on h,s 
js workstation Refernng to Figure 24. during the meet.ng. Martin has opened a window 206 on the Design 
Notes whiteboard ob,ect. Martin informs Richard of this so that Richard can also view the whiteboard obiect 
and then both Martin and Richard can scribble on the whiteboard and view each others input When their 
< meeting ,s finished both Martin and Richard close and save the Venue. 

Figure 25 shows the Venue obiect 163 saved m R,chard's NewWave office. In Figure 26 Richard has 
<c ,ust opened h.s NewWave office and >s viewing the Venue 168 m a window 208. Martin .s not present 
(although he would be ,f. coinc.dently. he had h,s Venue open at the same time as Richard. In that situation 
the relevant media connections would automatically be set up). Referring to Figure 27. Richard has selected 
the Meeting menu item us.ng the cursor 210 so as to br.ng up the CoMedian directory 212 and he has 
selected Ed Dav,es ,n the manner previously described. Ed Davies does not have video capability instead 
s he .s selected by telephone. Clicking on the Select button -*,n cause Ed to be added to the Venue without 
beginning a Convene operation. 

Referring ;o Figure 28. Richard is about to m.eate a Convene operation by selecting the Action item 
from the menu bar 214 of the window 208. and selecting the Convene option from the corresponding menu 
216. S.nce Ed ooes not have video capab.ht.es. the aud.o from h.s telephone would be mixed into the video 
o feed into Martin and Richard and their audio signals would be sent to Ed's telephone during their distributed 
meeting. 

Turning now to Figure 29. a new session is beginning on Richard Jennmg's workstation. A window 220 
contains Richard's NewWave Office. Richard h as created an outgoing message represented by the icon 222 
caned "Meeting Request" (us,ng the "Create a New" option from the Action Menu - see Figures 14 to 17 of 
5 Aopend-x A, in Figure 30. on opening the outgo.ng message 222 .t ,s displayed m a window 224. Richard 
nas completed the distribution list 226 and written a cover note 228. 

Refernng t0 Figure 31. a new Venue-ci.en, object represented 'by the icon 230 .s created (again us.ng 
ihe Create a New" option). The Venue-:iient obiect 230 is cop.ed and dragged mto the w.ndow 224 
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to disconnect the media connections 'or the Venue-Client ODiect wh.rh ,« i aa ,, „ 

cb.ec, sencs messages to ... of ,s other Venue-Cent co.e n.c m n q , e To, heV 

particular venue-c!,ent ob.ect so the, these other Venue-ci,e , o.ec ter ^ °' 

tie relevant meet.ng member is now absent. appearance to macate mat 

5 IT" 6 ; '" ay °' SeWng U0 3 d,S,r,buled mee,,n 3 ' s "= r a user to copy an e*.st,ng Venue^en, ob.ect to 
Jen r a t T hng PSr,,OPamS ' A Ve "^ci,en t ob.ect „ a Terence to a Venue-server obie^'p !nn 
venue-c.sen, ob.ec, to other wor.stat.ons creates a reference to the relevant Venue-server ob^ct on tho^e 

~^ 9CaUSe ' n ** C0Py ' ng Pf0CeSS - W -'-nee to ,,s velue-se;;: 

«th ..fences io Wh.teeoaro oo»cts 'eolaortg relereoces to Venue ooiects 

that shown ,n Figure 15.) 1 93 US,ns a Drocess analogous to 

VerToZc'TzVr* TP*' 3 Wh ' ,e f ard - c " ent *"•« can te moved ,nto the shared items area of a 
^ S C0P ' eS ° Wh " eboart - c,ie ^ object to be made availab.e to the other 

users of the venue ob.ect thereby g,v,ng access to the asscc.ateo Wh,teboard server ob.ect to these users * 

JL^^'srjr*"" * atsc " Ma « ~ » «>™ » » ^ 

A J^'tSSST * SCrMn °' ' C " em W °"' S ' a " 0n ' Ma, ""' S ' « '*•"«•"• So't-are- 

a title bar 128 carrying the title "NewWave Office'' 
> a menu bar 130 offering the following options: 
Action. Edit. Objects. View. Settings. Task and Help: 

a system menu box 1 32: 

si2e boxes 134 and 136: 

a vertical scroll bar 138 w.th scroll arrows 140 and 142 and a scroll box 144- 
a horizontal scroll bar 14 6 with scroll arrows 143 and 150 and a scroll box i 52 

'nnterVoTrU^frf/r '^VVT ,0 °' S " the w «* ^ Agent ,56 

™J?£Z "^Z^ ,66 - The ' COns ' 68 - 170 - " 2 ™'v - - left 
•Pro.ec. Meeting" a Venue-client ob.ect representing a reference to a Venue server ob.ect on the 

local server machine- 

"Design Notes" a Wh.teboarccnent ob.ect ,eoresent,ng a reference to a Wh,teboa,d server 

object on the local server machine- 
"Design Peoples" a NewWave document ob.ect fui.y contained on me cent workstation 
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APPENDIX A 



Brief Description of the Drawings 
Figure 1 is a block diagram of a computer in accordance 

with the preferred embodiment of the present invention. 

Figures 2 and 2k show block diagrams which Illustrate 

the relationship between objects, applications and data 

files in accordance with the preferred embodiment of the 

present invention. 

Figure 3 shows a plurality of objects linked in 
accordance with a preferred embodiment of the present 

Invention . 
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displaying the message. Th.s >s ach.eved by ci.ck,n C on tne ,-on 2in . 
»w ,e ,con ,n,o the message. ( Th, s ,1 

Procedure descried w„h reference ,o Figure, 13-20 of Append,* A T , MaEL' 
Figure 32 shows mat the message new r 0 nta.ns a r-r U ri*. ■/ 60 Part 3 ,n 

224 lS th en cosed {Rgur . 33, To sen. me ^4^22 ar ZT ^ mMMge 
Th, s causes a copy of the message. ,nc.ud,n q metn^-i e'r X fT, ^ ^ ^ ^ ^ 234 
oeopie on rhe o.stnbut.on „st. The Out tV v - b e " ,t C ° n,a ' nS - '° be Sen ' t0 the 

co.oon.vs w enabte these to be ^ItiTJ", Sef ' a " Sat, ° n °' ^ meSSage 
m Tray oo,e=t represented by ,con 236 0^*^°°^ " m reSDeC ^ "•«'"«ons. 
v.ew ed and man.ou.aied by the rec.o.ent. ThT 9 components so that these can oe 

message and ,ntc che.r na Ne ZZoLl ™ ^ Vmu ~"«« <*,•« out cf the 

open t he,r Venue-cSen, ^W^T*.^ " n* a ° P ° ,nted " me the !h ' 59 
shared ob,ects e.g. a Wh.teooard otic ann T ^ the uSsrs «" open 

telephone and .deo .n*™^^^ « « — ct.ng trough me.r 

se^rrih^r t^^rr ™rr mav no * enta " ,he - * — 

messaging infrastructure. US8 ' worksta "°"s g,ven a su.tab.e .nter-eoject 
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Figure 7] shews a block diagram of the organization of 
HP0. M .;.CAT, a system file included ir. the OMF shown in Figure 
72 . 

Figure 7 U shews the relation between a global parent 
and global objects in accordance with the preferred 
embodiment of the present invention. 

Figure 75 is a block diagram which shows how systea 
files within the OMF shown i r. Figure 12 accesses data files 
and applications from a memory shown in Figure 1 . 

Figure 7 6 is a block diagram of the organization of the 
memory sr.: w r. in Figure 7 5 * 

Figure 77 and Figure 73 show objects and links in 
accordance with the preferred embodiment of the present 
invention. 

Figure 79 is a block diagram of the organization of 
HPOKr.XHF, a system file included in the OKF shown in Figure 

7 2 . 

Figure 30 shows a view specification record in 
accordance with the preferred embodiment of the present 

invention. 

Figure 81 shows the use of a snapshot in accordance 
with a preferred embodiment of the present invention. 

Figure 82 shows the data path of a view when there is 
no snapshot, in accordance with a preferred embodiment of 
the present invention. 
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Figure U shows a series of objects serving aa folders, 
as parents of objects containing data, m accordance with a 
preferred eabcdimer.t of the present invention. 

Figure 5 illustrates the screen display which results 
from linking of various objects in accordance with a 
preferred embcdiient of the present invention. 

Figure 6 shows the linking of objects in order to 
create the screen display shown in Figure 5. 

Figure 7 shews how three objects nay be linked together 
in accordance with a preferred embodiment of the present 
invention . 

Figure S and Figure 9 illustrate how an object may be 
copied in accordance with a preferred embodiment of the 
present invention. 

Figure 10 and Figure n illustrate the copying of a 
public object in accordance to a preferred embodiment of the 
preser.t invention. 

Figures 12 through Figure 71 show the appearance on a 
screen or a session in which a user manipulates objects in 
accordance with a preferred embodiment of the present 
invention. Also shown are block diagrams. of how objects 
appearing to the user are linked in accordance to the 
preferred embodiment of the present invention. 

Figure 72 is a block diagram of an Object Management 
Facility (o«F) in accordance with the preferred embodiment 
of the present invention. 
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13, OHF 100 inferos the application which object the 
application should access fcr data. That object is then 
conside.-e; to be active. An object is inactive when the 
application the object i3 associated with is not being run 
by eonputer 18, or when the application the object is 

associated with ia be< nc run s,ir i «■ w • 

je.ng rjn, out 13 not being run with the 

data of that object. 

Active objects can communicate with each other usir.g 
messages. Fcr example if two instances of application 101 
.are beir.g run by computer IS, one with the data of object 
202 a- the ether with the data of object 203, object 202 
and object 203 are fceth active. Therefore object 202 Bay 
send a message 211 tc object 20 3 . Similarly, if computer ^8 
is running application. 101 with the data of object 202, and 
is running application 1 C 6 with the data of object 20?, 
object 2C2 and object 207 are both active. Therefore, 
object 202 may send a message 212 to object 207. 

Messages, such as message 211 and 212 may be formatted 
to be sent and received by all types of objects. This 
allows for Tree communication between all active objects. 
This also allows new object types to be defined and added to 
the system without requiring that the existing object types 
be updated to use the new type. 

ft 

Each object has associated with^a set of data files. 
For instance, object 210 is shown to have associated with it 
a data file 221, a data file 222 and a data file 223. Data 
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Figure 83 s. w ,cws :^ h 3 r a - afK _ 

pat- of a view when the: 



e is 

a p r e f 

Present invention. 



snapshot, in accordance w m 

ecc&odiaent of the 



Ascription of the Preferred E*bodi a ent 

, lhow , . ce . puttp , 8 haying a BQnitor ^ ^ 

keyboard 19 and a souse 20. A . 0r .. on rt , 

' 0r --°^ of computer main 

oeiory 17 is shewn by a- a - ~ « - ► 

7 -o .e within computer 18. 

Within computer sesorv sa'n l ■? ■ -« * 

».n i. .s ahown an object ^anagexen 

facility (OK-)ioc, an s ??' ' *a' t ' i i 

"•'■ a ' 43R 01 • an application 1C2, 

an applicator. 103, an a p p i < ~ a t i or 10U 

^-.awian. ion, an application 105 

and an application 105. 

ElCh ° f a??:iC3t -=- '0: to 106 store data using 

Ejects. For instance, ia r<. ur , , , . . 

. -gure 2, application 101 l, 

• 1 20 and an ^Ject 205 . Similarly 

"7, an . bJ . et Joe , a „ oSJe; ._ 2o? ^ o6je ^ ^ ^ 

'00 ...... lr . forDaUo „ iaaic , tl „ s uf , ch o6jectj ^ ^ 

-«« .PPlL.tl... O^.ct. uftleft are , 3soclatea Htt|i t 
«».!. .PP»..tl„ consSaere , t3 s , ofJectj ^ ^ 

•« «r. or t*. el „, each ia a3socUtsd 

"i« .ppu.«i„ ,o,. Sl . llarly 36Jecta m _ 2os _ ^ ^ 
*>o .r. or «„. saoe el .„ 6ecau!< each ia as3ociatej 

application 106. ah ob«e^ 3 0 , t ^ . 

-e.. 3 o, the sate class u 3 e the same 

^Plication. When an application is be< ng run bv , 

je*ng run oy ccoputer 
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children ar.; one or t:r« parents. An object i s not 
allowed to fceccae its own iescsnder.t . 

In Figure 3 is shewn an object 201, an object 302, a r. 
object 303, an object 30U, an object 305, an object 306, an 
object 307, an object 303 and an object 309. Objects 301- 
309 have links with reference names which are numbers shown 
in parenthesis by each link. Object 301 has a link 310, 
with reference name " 1 to object 3 02 . Object 301 has a 
link 311, with reference rase "2", to object 303. Object 
302 has a link 312, with reference naoe "7", to object 30*. 
Object 302'has a link 313, with reference name "8", to 
object 305. Object 303 has a link 31*, with reference name 

-0 object 306. Object 303 has a link 3 15, with 
reference nase "U», t0 object 307. Object 30U has a link 
316, with reference nase " 1 » , to object 308 . Object 305 has 
a link 317, with reference name "7", to object 308. Object 
306 has a link 318, with reference naee "8", to object 309. 
Object 307 has a link 319, with reference naoe "9", to 
object 306. Object 307 has a link 320, with rererer.ee naoe 
"13", to object 309. Object 308 has a link 321, with 
reference naoe » 1 - , to object 309. Object 308 has a link 
322, with reference naoe "3", to object 303. 

Object 301. is a parent of 302 and 30 3 . Object 303 la a 
child of object 301 and of object 308. Each or objects 302- 
309 are descendents of object 301. Descendents of object 
303 are objects 306, 307 and 309. Object 309 has for 
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in data files 22 i , 2 22 and 222 are in a 'o- Ba > whirh 
interpret*- by application i 0 «. 

Each object ha 3 associated with it a list of 
properties. Each property has a name and , value which aay 

be accessed by sn^i ^, ► w ^ 

o/ spe.ioir.g the r.aae. Ia additior , ( each cl _ s9 

of objects has associated wi*h it , u.. , 

wi.n it a list of properties that 

are corson to all objects o ' tra- a « « 

o. cr.a, c.ass. rsr instance, in 

figure 2A, object 205 and ap-licat-'or mi .... w 

a^.ncac.or. 1 0 T are shown. Object 

205 has associate, wit, it a prcpepty ^ 

3 pr ° Perty 233 ' application 10, has associate, with it 
a Property 13,, a pP03 « Pty ,3- and a ppoperty 133 _ 

P.-cperty lists car. contain any number of properties. 

Each property value can be free zero to 3,2762 bytes i r. 

length. Properties are used to store descriptive 

inforeation about objects an-* r 

J ,s an - classes, such as naaes , 

coxaenta and so on. 

Objects cay. have references to other objects. These 
references are called lin.s. Links are directional: one 
object is called the parent, the other the child. Each i ink " 
has a reference naee which is a number that is assigned by 
the parent object to identify each of i ts. chi Idren . kll of 
an object's children, its children's children, and 30 on are 
collectively called that object-, descendents. Similarly, 
an object's parents, its parents' parents, and ,0 on , are 
collectively called that object's ancestors. In the 
Preferred embodiment of the present invention, an object 
which 0 ay be manipulated by . user, can have zero or xore 
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contains lir.es of text 511, 1 i r. - s cf text 5 12, a graphics 
figure 51?, a graphics figure ar.i spreadsheet data 515. 

As shrvr. in Figure 6, text and formatting data is stored in 
an object 6?l f graphics data for graphics figure 513 is 
stored i r. an object 6 1 2 , graphics data for graphics figure 
51U is stored in an object 6 l 3 and spreadsheet data 515 is 
stored in object 6 1 U . Links that are used to build compound 
objects always have so=e kind of data transfer associated 
with the link and hence are called data links. In Figure 6 
is shown a data link 61 5 , a data link 6 1 6 and a data link 
617. In document 510, data frca object 612, object 613 and 
object Sib are eerely displayed, therefore data link 6 1 U f 
data link 6:5 and data link 6 l 6 are visual data links. In a 
visual data link, the parent will send requests to its child 
to display data within the parent's window. 

In Figure 7, an object 70 1, which contains data for a 
first spreadsheet, is linked through data link 7 0 M to an 
object 702, which contains data for a second spreadsheet, 
and is linked through data link 705 to an object 703, which 
contains data for a third spreadsheet. The first 
spreadsheet uses data from the second spreadsheet and from 
the third spreadsheet. Since the first spreadsheet does 
more than merely display data from the second and the third 
spreadsheets, data link 70K and data link 705 are called 
data-passing data links. 

0KF 100 does the "bookkeeping" when objects are copied 
or Bailed. When an object is copied, 0MF 100 makes copies 
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* !, " ,t ' r * 3S '- '«> »» .„ 30,. Ans on . 

o - . e c . s can dynaaical ly sake an^ - , . 

iaKe and delete links to 

other otjects. When a link o an oble- - , h , 

osjecw _ 3 deleted , OHF 1 o 0 

— r ^ otnerpar!nts . 

object . 



For 



u *o. various purposes. 

r » * ^ • s cay be in the ^ir^ ^ r 

tne .ors of objects. The 

children of civets us^ * « ^ . * 

•s use. as feelers aay be objects 

f=. u se „..„ v ,. 10u , ,p plis , tl0BJi „ the 



• J "' 3n 0t -* Ci <•!« called rolder .02), 

an object U = 3 (also caile<J fo , de „ SQ , 

io--e. and an object UQU 

(also called folder Una*. 

P ° U ' 3re USed » 'older 3 . Folder , Q1 

COnUinS ia ° tjMt — ™ data, an object U06, 

— to contain d.ta, an object a 07 , used t0 centaln ^ 
»- folder , 02 . Folder U 02 contains an object , 0 «, used to 
contain data, folder U0 3 and folder •<>.. Folder «o 3 
c-Uin. 

" 0 ' — ^—^-ta. Folder contains an object 

to contain data, an object • used to contain 
data and an object «i 3f u 3 ed to contain data. 

A sore sophisticated use of link. <• ► „ 

«i iinKs is to construct 

coopound objects. Tor instance in Figure 5 * An 

rigure 5, a document 51C 
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162 through a r.ew 1 i n •< ,65a. Object I6i a is a copy of 
object ?6 1. Link i£}a is a copy of link 163. 

In Figure 12 through Figure 7:, it is 8hown now obJect3 
are displayed to a user or. ocnitor l !; . i fl Figure 12 a 
-NewWave Office- desktop is shown to include icons labelled 
as "File Drawer", -Waste Basket-, -Diagnostic", -Printers", 
-Star" and "My Folder". A user (not shown) has manipulated 
a cursor 7 3 1 , using keyboard 19 or oouse 20, to select "My 
Fcld er" . 

Figure 13 shews how the objects displayed on waiter 1U 
are iinkeC. NewWave Office (shewn as an object 700) is the 
parent of "File Drawer" (shown as an object 701) through a 
link 711, or "Waste Sasket" (shewn as an object 702) through 
a link 712, or "Diagnostic" (shown as an object 703) through 
a link 713. of -Printers" (shown as an object 70«) through a 
link 71U, of "My Folder" (shewn as an object 705) through a 
link 715 and of "Star" ( 3 hown as an object 706) through a 
link 7 16. 

In Figure 1U, the user, using cursor 781, has aelected 
"Create a New..." in a pull down irenu 782. As a result of 
this selection a dialog box 779 appears as shown In Figure 
15. Using cursor 781, the user has highlighted the icon 
"Layout" and using keyboard 19 has typed in the name "Paste 
Up" as a name for a new object to be created. Cursor 781 
now points to a region labelled "OK". Once this region is 
selected, a new object titled "Paste Up" is created, as is 
shown in Figure 16. 
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of data files associated with the o:j.ct ir „ h . „ s , 

:ne object 

6eln5 '" ?i " cSi "" n - '='0 also cakes copies of the 

object's dependent,, and builds links between the new 
ejects to give t,e new co B peu„d object the saae structure 

the original . 

For instance. Figure 8 shows object 308, f roo Figure 3 , 

and the descendents of object 308. w*en OMF «.!,.. 

- n..en unr maicea a copy of 

ot.'est 303, OMF copies each of obje-t 108', h 

oaje.t jjo s descendants and 

the links s ^.ow, iri Fi5ure 9 . ?igure ? ^ & ^ ^ 
object 305. Object 3 03a is a copy of object 3 03. Object 
3C3a is a copy of object 3 0 3 . Object 306a is a copy of 
object 306. Object 3 07a is a copy of object 307. Ooject 
309a is a copy of object 3 0 9 . Link 321a is a copy of link 
32'. Lin, 322a i3 a copy of lir.k 322 . Link 37 , a ig . cQpy 
or link 3 U, LlRk 315a is a copy of 3i5> 3iga _ s 

a copy of llak 313. Lin* 319. i, a copy of iin* 319. Lin, 
32Ca is a copy of link 320. 

In the preferred ecbodiaent, the default behavior 
results in the copy of a parent's children when th . parent 
1- copied. However, when a child 1, designated a, "public- 
it i3 not copied. pather, a copy of the parent includes a 
link to the child. For instance, in Figure 10, a parent 
object 151 i, t0 be copied . Parent obJftCt ^ ^ ^ 

a child object 162 through a link 16 3 . Child object 162 la 
a Public object. As shown in Figure u, copying of parent 
object 15: results in new object I6»a being linked to object 
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Ir. Figure 23, . J3 ing cursor 7 c i , "Paste Up" (object 70?) 
is shcwr. being dragged to window 7 5 5. In Figure 2 ii the 
process is ccaplete and "Paste Up" (object 703 ) is new ir. 
window "My Folder". Ir. Figure 25, "Paste Up", shown as 
object 703, is now a child of "My Folder" through link 728. 

The user sets up multiple links by using the Share 
coasar.d. This ccaaand is an extension of the clipboard 
metaphor cenmon in software packages tciay for coving ar.d 
copying data around the systea. The clipboard is a special 
buffer that the systea uses to hold data that is in transit. 

Ir. one way, the Share coaxand operates similarly to the 
Cut or Copy coiaand described above. That is, using Share, 
Cut, or Ccpy, the user selects icae data first and then 
gives the Share coomand , which results in soaething being 
put or. the clipboard. In the case of the Share comaand, 
however, what is put on the clipboard is neither the actual 
data nor a copy of the actual data. Instead, it is a link 
to the selected data. When this link is pasted, a peroanent 
connection is made between the original data and the 
location of the Paste. Through use of OMF 100, this link is 
used by the involved applications to provide «asy access to 
the original data (in its full application) and automatic 
updating when the original data is modified. 

In Figure 26, the NewWave Office window has been 
activated. "Paste Up" (object 707) has been selected, as 
evidenced by "Paste Up" (object 707! being in inverse video. 
Using cursor 78 i , "Share" from nenu 783 is selected. In 
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In Figure ?7, "Faste Ll = " •« , P . U „ a « 

sn-^wn as an obUrt 707 

u " k,i " ' 5M1< 8f ••«••»• . U "., k " 7 u. 

f-e " 5 'c cliptearo .»r itl „„ s are Cut| Co>y _ ^ 

«....n«S. Cut tse se: , cted diti to cup6oard 

«.!..».. it r,.. «. , rl , lMl loc ... l9n) . Copy oakes a copy 
- selected data on eh , cn, l0!r , The „,„ oust 

S!;!!t tn « 1»« tic, where he van-, .... a.-. , k 

<^-s tne da. a to be moved or 

° P "- ThS "*••«•« i! "»*....».« =y th. icon ,„ .,„„ 

Up" feeing displayed usi-.a i-v--... 

S l,,v,rse "idee. With cursor 731, 

u S .r selects "Copy" f P3B a pull down ^ ^ ^ 

FUUrg 3 C11? — ^ "0 1 s shown t0 be . ?arent of 

an o bj e = : 709 through . link ^.^ ^ ^ ^ 

object 707 ("Paste Up"). 

*3 *»=-, in Figur . „, next t „. ussr 3electj . pijte _ 

rr« puii d..„ T ult> jhoun ;n ruu _ e Mi ^ 

«. addition or .. object 70S, pointed to. by cursc 79,, 
»»icn U a copy of t„, , rl5 l„al -Paat. Up" object 707. 

»» hit. th. ... obJ ., t ls sh0 „ n „ o6ject ?oa 

linked as a child of NewWave off^. ► k 

*" Office through a link 718. 

In Figure 22. "My Folder" h,. w 

roicer , has been opened by double 

kicking the icon for "My Folder" using cur$op ^ 
r,SUU " 1 Wind0W 785 -^Presenting - My Folder". 



/ 
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21 



jC 



35 



J5 



spreadsheet could c 3 u S e a graph to be re. drawn, and updated 
as a figure in a document. Ar.d since an object can have 

osany. parents, a single object can be used as "boiler plate" 
for any number of other objects. A change in the boiler 

Plate will be reflected in all the objects which have links 

to it. Automated data transfer i s illustrated in the 

following discussion. 

In Figure 3C, window :85 for "My Folder" has been 
closed. r n Figurt 3 , f c . jrsor - 51 , 3 ^ 

• a New..." f POC pull dew.-. c --u 752. As a result of this 
selection dialog box 77 9 appears as shown In Figure 32. 
Using cursor 731, the i cor. HPText has been highlighted and 
using keyboard io the n«e "Sanple Text" has been typed in 
as the r.a = e for a new object to be created. Cursor 78l now 
points to a region labelled "GK" . Once this region is 
selected, a new object titled "Sacple Text" is created, as 
is shown in F i gure 3 3. 

In Figure 3", "Sa= P le Text" (object 709) is shown to be 
a child of NewWave Office through a link 719. In Figure 3«, 
since "My Folder" has been closed, "Paste Up" (object 708), 
link 723 and link 727 are not shown. However, these still 
exist, but are not currently visible to a user. 

In Figure 35, placing cursor 73 1 on the icon "Sacple 
Text" and double clicking a button on Bouse 20 results in 
"Sa aP le Text" being opened. In Figure 36,. an open window 
789 for "Sample Text" is shown. 
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Figure^ Clipboard ctj-ct 7 2 Q < 3 3 k_. f , h 

U * 3 3...wr. to be a par-n: of 

"Paste 'J p " o o ie;: 7.-17 h a , 

- ' - 1 <- • ■ ■ c w a h a i;nk 722. 



In • 



= Jr. .:=!» 78 5 has s« e „ activate*. F .„ , 

l ' " "" 70T ' " ■"«<>« re,. „ Mrt 

that "Paste Up" { oh - o^ 7n71 . 

P vot..,. 707 ) i, shared by ulnc!ow ?85 an(j ^ 

NewWave Office window. n r.- ure 28 . 

• -gure 25a, as a result of the 

Paste, "Paste Up" is a!w „s„ w - to bo . „ K 

w.. co be both a child of 

Clipboard " 2 : through lirt 755 a _ - . „..,., 

^ w an - a child of "My Folder" 

7 0 5 t h r o *j c , u - = * •' -i v- - 5 - t 

interconnection of objects vi s<t u ta f *. 

* c,e t0 th9 user, "Paste Up" 

(object 707) is shown to a cvih ~r » « 

a ch.ld of "«y Folder" 705 

through link 72^. Sir.'- "o*<*« f , . * , w . 

.as.e Up- (object 707) i, shared, 

not copied, "Paste Up" (obi-- 70*) rmna , 

*juj (sj,) reaainj a child of 

NewWave Office through link 717. 

One key feature of data l inlfs la aut0Qated data 
transfer. When a child object is o P en and the user changes 
* Part of it which is "shared out", then it Bake3 a cal , to 
OMF 100. OMF ,00 checks if any of the objects parents 
"care" about this particular change. If they care and if 
th.y are also open, 0 HF 100 sends to the parents a .essage 
inforcing the. that new data is available. The parent can 

then send oessages to the cr"d t« 

t..e cr. 4t d to produce or display the 

data. This feature allows the user to establish 

to establish coopound 

objects with complex dsra 

P1 ' X data ^Pendencies, and then have 

changes made to any 3U K. 3apf K- , > 

7 3Uw part be automatically reflected in 

other parts. Tor exaooi- r k ■ 

exaaple, changing a number in a 
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The result ia the cperin^and display of "Sur" (object 7 06 ) 
in a window 7?6. Flgur , l^hows the use of cursor 75! to 
select selection "Ellipse" in a aer.u window 797 which 
results in the data within "Star" (object 706) being changed 
fro. a star to an ellipse. As shown in Figure 51, the 
result is a change both in data displayed i„ window 796 and 
data displayed in region 795 of vi.-.dow 791. 

In Figure 52, cursor 73 I is used to define a region 797 

in window 79". I.-. Ficu-e 51 <••— * -> - -a • , . 

1. r*g^.e 55, c-.so. ,5. is used to select a 

selection "Create a New..." < r . pull dcwn oenu 7?JL As ^ 
result of this selection dialog box 799 appears in Figure. 
5««.- Dialog bcx 799 contains icons for the two classes of 
objects available which are able to display' data in region 
7 97 of window 791. Using cursor 781, the icon - H P Shape- 
has been highlighted. Using keyboard 19 the nane -New 
Shape" has been typed in as the naae for a new object to be 
created. Cursor 7Sl now points to a regions labelled "OK". 
Once this region is selected, a new object titled "New 
Shape" is created. Data for "New Shape" is displayed in 
region 797 of window 791 as is shown in Figure 5 5. In 
Figure 56, "New Shape", (object 750) is shown to be a child 
of "Paste Up- (object 707) through a link 760. 

In Figure 57 a window 800 for "New Shape" was opened by 
placing cursor 78 1 over region 797 of window 791 and 
clicking twice on a button on mouse 20. rn Figure 58, 
cursor 781 is used to select the selection "Triangle- from a 
pull down B enu 801. The result, as shown m Figure 59, is 
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In ?Ujre 3? 3 Wir '- W 751 «r „ p . (eject 707 

h " t8?n C?ened " y Cl *^'-S tne icon, for "Paste 

•-'P". ir. Figure 33, using C 75,, controlled by ffl ouse 

20. a portion 790 of t^e text of "Sa 0 pl e Text" has been 

5e ' SC£ed ' ?0rtl0a in *".o stating "New Wave 

Office environment" Is portion 790. 

I« Figure 39, cursor 78 1 i 3 used to 3e iect the 

selection " £ h * - * " i - P ~ . , i i ^ 

i» a kJII dour, aenu 792 . m Figure (.0, 

an area 793 in window 79 1 is sele-te< us'-, , 

<= - e - t e . us.ng cursor 7 8 l . Ir 

Figure Hi, a selection "Paste" « s se u efp , , 

-s selected from a pull down 

— „. „..„, c . Jr ,„ ? „. ra Fi5ur , , Je , SMpU Tex; . is ' 

I1,if! " •■><■ 7 ,o i a 

displayed in "Paste Up" window 701 m r< 

.hq 3 w In Flgure ^ 3 n SaQple 

Text" (obip-t 7^0 ^ « 

°«>J~t 7.9, -s s,, = wr. to be a child of "? aste u? „ 

( ° bJeCt ?0?} thr0J6h 3 I" figure U 2 , , isplayed 

fxt 79C is shown in gray because „ StapB windov ^ ^ 

In Figure ii u "Star" w'riau ?q 3 «. , 

* n10w ,39 13 dosed 30 displayed text 

790 is clearly displayed. 

I" Figure U 5> a region 795 of window 791 is selected 
u.in. cursor 78,. p igure U6 3how3 cur3or ^ ^ 

icon "Star" into region 795 of window 791. 

In Figure 47, data from "Star" (object 706) is now 
displayed in region 795 of window 791 . A3 aay be ln 
Figure ,8, "Star" (object 706) is now a child of "Paste Up- 
(object 707) through a link 726. 

In Figure (19. a user has placed cursor 78l over region. 
795 of window 791 and double clicked a button on 0 ouse 20. 
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child 709. 

— 7... Figure lii, a selection "Paste" la selected 

» pull down .«„ ual „ s =urjor ^ 

Parent o6J ,ct 707 Up ., pe , uejta 0((f ^ ^ > ^ 

h " * 1. .» ellpt0 . r4 720 . Ih# n<> 

specification record . 

1 f ° r tne L betl " en dlpOc.rd 720 end child 

" 1!< ° f "7, throu e n Un* TJ9 . 

«» "««•-. ... .«,pi.„ d ,„« T „ 13 <t , pl .„, la 
•Met. Hladow Ib lccolplljhtng thl5 _ piptnt o6j<ct 

"7 . c.u to o„, , 00 SJki „ s ^ iesjj8e ^ jtnt ^ 

«» -»J.«t id.ntin.d _ 6r tne r er, r ,„ c . „,.. f . r UBk 7J ,_ 

T«. r.,u.sts th . chlU o.ject 70, t, dlspl., det, 

t»t, Hn* . loe . llM 3pec;flei oy parent ^ 

707. 0MF 100 takei « 

'«« -Be fro . p , r , nt 7Q7i ^ 

««• K.«lflc.«,„ .„..„ fr0 . rlew 

- = = rd ror 11„> , na aellv , rj tb# oe3saje ^ 

CMld 70, d ls pl,„ th . ln th( jpeeined io<MiMi ^ 

«hl. c. are . 7 „. The „ a . e Qf th { mm ^ 

P«.nt 707 to 0«P ,00 to Cild 70, 1, . DIm „ 
further described 1„ «pp, ndlI ..,„„.« „,,.,",. 

»»oi,.r .esse,, * P R I NT_5 L AV E " , ,l 3 o d.so.-to.d 1„ 

• Print., ra ..n, r tner. displ.y det, .„ , teraln>1 , 
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I.n adcltlon, p, r „. 70r oay Jtnd f . 0E . siie> ^ ^ 

«• object 7 „. :n . . GtT _ SI „. seS3ag ,, parent ob(e= 

707 .<...!,!., . reference nase fop lndlcatej 

C,lrSlnlt " r ° r * "»P>«r. °*r ,oo t .„.. th , CET _ SI2E 

message from parent 707 a h * • ► w ^ fc 

707, add* the data Identification nu.b, 

fro. th, vl.„ = p,clflc,tlon record for Urn, 72,, ,„d 

«H..r. th, t0 cnlld 709 . eM1< rtturnj ^ 

P".nt 707 th . 3l „ of t „ e portlon of ^ intd 

t».« «»U, 70, wo Ul d „„ te <;jplay 4tii> mj 

parent 707 to .,dlf y th . r « !l0 „ p , s , pvea ^ ^ 

fro. child. 70, uhe „ , hll4 709 ijnoe ^ ^ ^ 

t= fit in the reslon specified by parent 707. 

w>.n\data fro. . child eject la bel„ g „.„. Md 6y . 
P-.„t object, and th. child object ch.„ 5 „ the dlapl, y , a 
data, th, child object, n.tlfl., 0HF ,„ ^ ^ ^ 

a ...... m th, data object. For a , SCP16 „ 

dl*Pla„d in region 7 95 of window ,„. M , „, b , 

In Figure U8, »?t»r» r nK (... ta*\ . 

» -tar (object 706) is a child of -Paste Up" 

(object 707) through a link 7?< e< 

"in a link 726. since data is being passed 

fr ° B ChLli ° bJSCt 705 t0 PT.nt object 707, link 726 l 3 . 
data link which Includes a view specification. 

I" Figure « 9 , the .ethod for changing data in child 

object 706 13 shown * 

aho.n. » u ,, r pUe „ eupJop T8) ^ 

795 of window 79, .« double cue, a button on ..... „. 
». r...l, la th. op.nm, , M aiaplay of . stjp . ^ 
in , .meow 796. 0 , lnf 0 uraor 78, to „ u „ , llim „ 
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"7-. Since 06 , eet „, „ t r3 , jer _ tft ^ e ia ^ ^ 
l»..-.f.r. thre! „„ 3uScQ , ujin ? 3 , ^ ^ 

X» 78, o.J.ct 676 !. . docuae „ t ,„ haj a 

0 SJ «c t 676 l, . ,.„„, of .„ 06Ject 67? ^ 

"9 »d • P.r..t .» o6 Je ct 676 t , rough . u „ k ^ 

0»f..t .„„...,., Ll.„ .7, ...,.,.„„„ 

— • «J.„ 676 „., . t . s of Unk j 

reference name "3\ 

1= ri 8ure 75, ,„ .„ try 737 d „ 4rlb „ llnk jaoun t 

«i»r. 76, Tl . t ls , ln coluB „ ?31 of 73? ^ ^ ^ 

P"«". " 8 -,7-. :n CS1UB „ 732 ttere ls the eMid s ^ 

«« «tu.« 7 33 „ tn, r . f . r . ne . „ a „ e ob(ect 

'76 1, . d .. u „ nti , M asJuol „ 8 there j3 a aj3ocijted 

" ! " ' ink 6 "' »»• -".I. auCco lu .„ 73. contain 



reco 



61.il.My, .„ .„ try 73 , 4 „, rlb „ Un|t 6S0 jh3vn ^ 

F ' ! " r< Th " '3. of entry 739 «».,. lf th , 

""" "* "' 7 "- In '32 ,».r. 1. tn. , m< t . f 

.»< 1" ,.,„„ 733 «».,. lt tn. r . f « renc . na . e >3jaBin8 
th.r. 1. , yleu ,3 Soclated Blth Unk 680 _ tiie thpte ^ 

Wl " ln au,, " lu » '3« contain tn. thr.. .It, -no- ,„ d entry 
7»0 1, a » ltw specification r.corc. 

i" «««r. ,0, vl «„ 3 „ oiricat , on pecor4 7Uo ia 5houn ^ 

»»«:ud. . fun ,„ which contain, . notification for 

* r: ' ld »»» «*«« «Ml..... .h....r tn.r, is , 
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20 



10 



75 



-0 



J5 



50 



55 



3naP3h0t U3ed 10 the VieW ' and • 'ield 7U 3 which Contaln3 

aiscellineojs inforaatlon about the v'ew -h. a * 

v^ew. data 

identification nueber is used by the chll<1 ofcJect of thf 

link, to deterxir.e what data is 3ent through the link. 

Figure, 37 - .3 3hcw the establishment of a li„* „ lth 
a view. As has been dl3CU33ed before> tn ^ windoy 

791 for "Paste Bp- (object 707) has been opened by double 
clicking on the icon for "Paste Up". In Figure 3 8, using 
CUP3 ° r ?81 ' " B ^oH^ by mouse 20, portion 790 of the text 
of "Sample Text" ha, beer, elected. The portion in invert 
video stating - Ne w Wave Office environment" is portion 7 9 0 . 

In Figure 39, cursor 78 1 is used to select the 
3election "Share" in a pull down menu 792. Once "Share" is 
selected, child object 709 ("Sample Text") creates a data 
Identification number whi ch identi f i es portion 790 of the 
text to child object 7C 9 . Chile! object 709 also causes OMF 
100 to put a link to child object 70* an clipboard 720- 
Child object 709 communicates to OMF 100 through command 3 et 
forth in Appendix B , attached hereto-. Child object 709 
also informs OMF 100 what data identification number is 
associated with the new link between the child 709 and 
clipboard 720. if there is a snapshot associated with the 
Unk, child 709 win also inform 0KF 100 if there i, a 
upshot associated with the link. Snapshots are discussed 
-ore fully below. A3 , P „ uU 0H , , QQ ^ ^ ^ ^ ^ 

H ? OMF . X R F 6 03 for a link between clipboard 720 and child 
object 709. The view specification record for the link will 



/ 
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v S_TEXTDrSKLOC 



>c 



^.INITIALIZED 



20 



55 



v S_R£StRVED 



30 



VS_VIEWCLASS 



40 



File position in HPO!"" prp 
wnere a view, 32 

: contains zero if no 
textual data ID has been 

^ the child. 
1 w order five bit, of tJe 

ztrl P °? ltlon always 
111? J"? thus not 

F?E0 I," ClBal nUBber 
indicates which bits are 
USed for this bit field. 

Set if the view 

initialized. if cie „ 
information in the view 
specification is zero. Th- 

olio d f ciaal n "***r 0000 
OO'O is a mask which 
indicates which bits are 
U3ed for this bit field. 

Reserved for future 

" P ; ns1 "- The hexadecimal 
number 0000 0003 is a mask 
which indicates which bits 
abused for this bit 

Specifies the view class 
the child assigned to the 
view. The view class 

f!: ln,a " hBt vlew »«thods . 

are available to the 
P^ent. The hexadecimal 

w^rV°°° 0007 19 * mask 
«hlch Indicates which bits 
are used for this bit 
field . 



50 



.-..PI., in Fi gure 77 , 0bJect 6n ls a ^ 

3 t3S of "«". . Object 671 is a 
through a i ink 6?i4 an . 



55 



parent of an object 672 

Parent of an object 6 73 through a 

link 675. O^eer n ?3 u 

' ct 6,2 has a ^ or -12-. Llalt 67 „ 

reference name - 1 - 



°"Ject 673 ha, a tag of 



19 



a s a 

Link 
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6 7 5 has a reference n a - # "7" p.r.---- 

n-e na.e / . Reference names are picked by 

the parent object ar.d need tc be unique for the particular 
parent object; however, other parent, may have a link with 
the same reference name provided each reference name is 
unique for each parent. 

Figure 79 show* a block diagram of HPOMF.XBF 6 0 3 . 
HP0MF.X3F contains an entry for each link between parents 
and children. m HPOMF.XFF 603 column 73 1 contains the tag 
of the parent for each link. Column 732 contains the tag of 
the child for each link. Column 733 contains the reference 
name for each link. The first three bit positions of column 
733, shown in Figure 79 as sub-column 73«, indicate whether 
a view specification file record i 3 present ( - 1 i a- ) whether 
no view specification file record follow, ("000") or whether 
the link is between is a link from the global parent to a 
global object ("100"). 

As may be seen, entry 735 is an entry which describes 
link 67* shown in Figure 77. That is, in column 731 of 
entry 735 there is the parent tag "6". I„ column 732 there 
is the child tag "1 2 » and in column 733 there is the 
reference name Since object 671 is , folder, there I, 

no view, therefore the three bits within subcolumn 73* would 



be "000". 



Similarly, entry 736 is an entry which describes link 
675 shown in Figure 77. That is, in column 7 3 1 of entry 7 3 6 
there is the parent tag "6". m column 732 there is the 
child tag -,e- an . ln coluon ?33 tRepe ^ ^ ^ 



/ 
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records cannot be identified by the content within a view 
specification file record. HPOMF.XRF is increased in size 
1 SK byte3 at a A newly allocated portion of H P 0MF . X R F 

is filled with zeros. File records within HPOMF.XRF which 
are free or which define a link have the following fields 
listed in Table 5: 

Table 5 

ParentTag Contains the tag ( HP OMF .CAT 

record nunber) of the parent 
object of this linic. if this 
field is 0, then this record 
does not define a link and is 
free. 

ChildTa * Contains the tag of the child 

object of this link. If 
ParentTag in this record is 0, 
and this field is also 0, then 
no record beyond this record in 
HPOMF.XRF defines a link. 

RefNane Contains the reference naise that 

the parent has assigned to the . 
link. This field is meaningless 
if ParentTag or ChildTag is 
zero. Otherwise, if the top 
three bits of this value are 
110, the next record in the file 
is a view specification. 

File records within HPOMF.XRF which are view 
specification file records have the following fields listed 
In Table 5A: 



/ 

/ 
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Table 5A 



D a t a I d 



Contains the value 
child has assigned 
the part of itself 
viewed through the 



that the 
to identify 
that is beir 
link. 



Snapshot 



Misc 



VS_NE WD A 7 AS ET 



VS_NtWDA7AANN0UNCED 



VS_SNAPSH0T01D 



VS_WAN?MESSACES 



Contains the tag (HPOMF.CAT 
record number) of the object 
which is the view., snapiho , e 
if zero, the view has no 
snapshot. For further 

2i?ow! 3l ° B ° f 3na > 3h °". see 

Composed of several bit fields 
described below: 

Set if child has told OH* 
that new data i 3 available 
but has not been announced 
to the parent. The 
hexadecimal number 8000 
0000 is a aa3k wnich 

indicates which bits are 
used for this bit field. 

Set if child has told 0MF 
to announce new data to 
parent, but parent was 
inactive and was not 
notified. The hexadecimal 
number HO00 0000 is a mask 
which indicates which bits 
are used for this bit 
field . 

Set if child has told OMF 
that the views snapshot is 
out-of-date. The 
hexadecimal number 2000 

oooo is i mi3k wnleh 

indicates which bits are 
used for this bit field. 

Set if child has told OH*- 
that it wants to process' 

T:'! ? es "««* when snapshot 
is out-of-date. The 
hexadecimal number 1000 
0000 is a mask which 
indicates whicr. bits are 
used for this bit field. 
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Table « 

. \ y thls record defines 
an installed class, otherwise 
this record is free and this 
field Is the record nuober of 
the next Tree record, or -0- if 
there are no .ore free records. 
If the record is free, none of 
the other fields m the record 
is meaningful. 

ModuleFlleNane Specifies m. 

ipeciries the name of the 

application associated with 
objects of this class as a null- 
terminated string. 

Pr ° PertieS Specifies the number of 

properties, the length of the 
Property naaes and the location 
in HPOMF.PRP of the object's 
properties. See the description 
of HPOMF.PRP below for further 
definition of the structure of 
this field. 

I" figure 75, the relationship of HPOMF . CAT and 
HPOMF.CLS is shown. within each object entry within 
HP OMF . C A T , th. record nuaber, which is an object's tag, 
™ as an identifier 650 of data files i„ a Bas3 atorage 
-e-ory 170 associated with the object. The field 
"TypelnClass" serves as an identifier 651 of the class entry 
in HPOMF.CLS, which Identifies the class of each object. 
Within each class entry in HPOMF.CLS, the.field 
"McduleFileNaxe" serves as an identifier 652 of the 

application file i „ aa3 s storage aeaory l 70 which is 

associated with the class. 

In Figure 76, the organization of a portion of „ass 

-orage aeoory ,70 is shown. A root directory 660 contains 

Posters to an H? N WD A ? A directory 661 and HPNWPRCC directory 
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665. K ? MW ? H0C directory 566 is the location of storage for 
applications files, represented by arrows 6 69 . HP N WD A T A 
contains a plurality of HPOMFddd directories, represented by 
directories 662, 663, 66U, 665 and 666. j„ tht HPOMFddd 
directories are stored data files associated with objects. 
The "ddd» in HPOMFddd stands for a three digit, leading 
zeros, hexadecimal number. Each HPOMFddd directory has a 
different «ddd» hexadecimal number. The -ddd- number 
indicates w, iC h HPOMFddd directory stores data files for a 
particular object. Daia fil „ for , partleullp QbJect ^ 
stored in the HPOMFddd directory which has a -ddd" number 
equal to the tag for the object divided by an integer 
number, e.g., flfty foup . Wltftin each Hp0MFc!(j(j dlrectory> 
file, are stored by tag numbers, e.g. data file names have 
the format x x x x x x x x . 1 1 1 , where "xxxxxxxx" is an eight digit 
leading zeros hexadecimal tag, and "111- are a reference 
chosen by the application. 

System file 603, HPOMF.XRF Is also referred to as 
S YSXREF . This file is a list of all the linlcs existing in 
the system. It 1 3 record oriented, but does not have a 
header record. Each record file is either free, or defines 
an existing lin*, or is used as an overflow record fro. the 
previous record to specify additional view specification 
information. Records that contain view specifications are 
called view specification file records. View specification 
file records can be identified only by a previous record 
which defines an existing data i inle; view specification file 
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Table I 

Is 1" if this record defines 
an object, otherwise this record 
is free and this Meld is the 
record r/j:ter of the next free 
record, or "0" if there are no 
core free records. If the 
record is free, none of the 
other fields in the record is 
meaningful. 

Specifies the class of this 
object. This is the number of 
the record in HPOKF.CLS that 
indicates to which class the 
object belongs (see discussion 
of class above ) . 

SysCatFiags Specifies if the object is 

global if the bit masked by the 
r.urrber 20 (hexadecimal) is set 
in this byte. In the preferred 
embodiment all other bit 
positions must contain n 0" and 
are not used. 

properties Specifies the nuober of 

properties, the length of the 
property races and the location 
in HPOMF.PR? of the object's 
properties. See the description 
of HPOMF.PRP below for further 
definition of the structure of 
this field . 

fastpropa Certain object properties, such 

as name, are so heavily accessed 
that they are stored directly in 
this field, rather than 
indirectly in # the properties 
file. Properties stored in this 
field are called "fast 
properties." 



System file 602, HPOKF.CLS is also referred to as 
SYSCLASS. This system file is a list of all installed 
classes in the system. It is record oriented. The first 
record, numbered 0, is a header which contains various 



1 F i rstFreelntry 



Ty pe I nClas s 



:Q 



I 
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signatures (see above) ani is usei to manage a list of free 
records. All ether records eitr.er define an installed class 
or are free. In tr.e preferred esbodicent HPOMF.CLS can grow 
dynamically, but cannot shrink. 

Each file record in HPOMF.CLS is thirty. two bytes in 
length. HPOMF.CLS file record 0 (tne header) contains the 
following fields listed in Table 3: 

Table 3 

lFirstrreeEntry Contains the record number of 

the first free record in 
HPOMF.CLS, or " 0 if there are 
nc free r eco rds . 

FileId Contains the null terminated 

2S string "HPOMF.CLS" 

Version Contains the file format version 

number. 



20 



30 



35 



JO 



lMaxPecordNucter Contains the nucber of the 

highest record ever allocated 
from within HPOMF.CLS (this 
highest record may or may not be 
free) . 



Table tt, below, contains the fields for file records in 
HPOMF.CLS for file records other than file record . 0: 



so 



55 



/ 
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0!5 " Pr ° fr '" "««••■ Syste. fu „ so ,., 

" ' b "« i„f, r », ti „. 

Th.y p.-ovn, information a>o u : object properties 3ucft aj 

-.t c:. s3 , 6Jec! la .„„ „ tn , njBe of tjeN 

3y.-.« .-u„ 60,-50, p r ovi=, ,„ r . r ., tlon atcut clajjes of 

Objects sucft ,. „ ftat applica:i0 „ ls aa50cl>tea jach 
class of •»;=«», what -co, represents Object, of a 

" r " tU " r " S US '- S ° f — Mi" < SU ch a, those 

in Fi SJ re 2 ) can te precede* S y ohjects of a 

Mrtl " Ur CU "- S '«« "1" 60,-607 contain 

i " f "" !;M * S0US "»*• — ■ *-.«. an, child .,.„,, 
l»«lu«n. a list of parent, <M r . f . r .„„ „..„ „ ^ ^ 

f = . a parent f or eacn o5Jac:: , Ujt or ch , ldren ^ 

reference races of each !irk to » ->,<,.< , 

-o a for each object; a- 

actional information to S ana S , data .„„.„,. acposs 

""»•«».. <r.t« files 60,-607 contain gtn . ral 
information such „ „hat riles , r , ir , atalle< , ln ^ 

cp.ratin, syste. for eacn class tnat Is .„,.„.„. ana what 
Objects nave revested a u to.atlc restart »h.„ th . 0HF ,„ ^ 



restarted • 



in tn, pr.f.rr.d e.hodio.nt of tn, p r ,«„t tn ,. ntlon 
•T.t.. file 60, t , referred t0 Jyatei 

1. referred to as WOHf.CLS . , m „ f U , o03 is r.f.rr.d to 
» HPO,,.X BF , ,,.«.. fll . 60U ls referred ^ ^ H P 0MF . P HP 
m« file 605 i. referred to as HPOMF.INS, m . 6o6 

fe.-red to as HP0MF.S0F .« „„„ „,« 6o7 re , erre „ 



3 

i 3 re 



/ 
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that a triangle Is r.ow d'soia--.* • 

c.spia.ed both m window fioc and i r. 

region 79 7 of winiaw ■» ? 5 . 

In Figure 50, win-Jow 300 ., a3 bteR clcse ^ Jn 
"New Snape- is 3electe<; by ^ ^ 

r,|lM 7 ° f WiRd ° W ??6 ' a button on B0U9 . 2G 

in 62. cursor 73, is used to 3elftct 

froa pull <ovn tenu 79*. r n F «- u _. fi , 

F.gure 63, cursor 78 1 is used 

to select a region 802 of window 79: r n p< ff 

• In Figure 6 i» , cursor 

75 1 is used t0 select selection "Past-" -r„„ 

" ste • ro = Pul 1 down oenu 

m » — ». 6 5 . th . , h . ri „ f 

"«•« „ lt! , ..... free .„„ .„.„. tiing iiapi ^ ej ^ 

"Ho, ;,r t „ r. tt . 0 ,„ =r » ln=ou Jn flfurt 

"New Shape" (object 750) is s - cun t0 „ 

n<4ve an additional link 
770. rr = = it3 parent -Fast, , Jp . , otj , et 

in Fi S - Jr e 67. r e e i,„ 7,7 haa 6 „ a seltctea using cursop 
78,. Cuf „, ,8, ls th , B us , d t0 ..^ „ lMll4n ^ 

pun «..„ „.. TSe resu;ti ti ib ia 

"at P . ilon 7 3, „„ reBsv<a froa ^ ^ 

«. -r..r 76. I, to ,.,.« ,„„. ^ ^ 

««n .... , 83 . Th . r . 3ult , shown Fljure t> ^ ^ 

r=r ■»„ ,„.,.., Dolnt , 4 lo 6y curjor j8i< _ ^ Fijurt 

"«.- Shape (object 75 0, t , ..„„ t0 now „. , ^ ^ 
H.wwav. Office (object ,00). thrown a Unk 78o . 

in «,.„ 7*. 0«F ,00 i, ,„„. tc contain ..... .,„.. 

flltS! systeo file 601 . system fi. *n:> 

, aysteo r.u 602, system file 603, 

aystea file 60U, system fiis - 

• systea .He 605, systea file 606 and systea 

file 607 . OMf interface 599 serves ,,.„».«. 

' er ei as interface of OHF to 
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SlOal eject, i3 a descendant of global object. Although 
Figure TU show, only six global ejects, the numoer of 
global objects operating on a system is a Batt , r of systeffi 
COnfijUritlOP - Any ° b - :eCt in ^ syste, can refer t0 a 
global object byX-ir.g the reference name of the lin k to 
that global object from the global parent. 

As oay be seen frcm Figure 73, file records in 
HPOMF.CAT are numbered consecutively. These numbers serve 
as tags, which identify each object. 

In the preferred e= b -> d • -a«» t -> r „ 

e-v.c..-a.n. o. t!se present invention, 

each record is 123 bytes i- i-r-«K , • , 

' " 1 " ier -a-h. .he fields for file 

record 0 are listed in Table 1 below: 

"able i 

IFirstFreeEntry Contains the record number of 

the first free record In 
HPOMF.CAT, or "0" if there are 
no free reco rd s . 

FAleid Contains the null terminated 

string "HPOMF.CAT". This serves 
as a signature. 

Version - . . 

Contains the file format version 
number, which also serves as a 
signature. 

lMaxRecordNumbe r (•....,.. 

contains the number of the 

highest record ever allocated 
from within HPOMF.CAT (this 
highest record oay op may not be 
free ) . 

Table 2, below, contains the fields for file records in 
HPOMF.CAT for file records other than file record 0: 
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-Ptior. of each S yste 3 f . , g . s 

now given. 

System file 6 0 : , upnur CA - . 

CA " * s a - s => referred to as 

S Y S C A 7 . HPOHF.CA- is a catalog of a- -he ex<3t - 

-ne existing objects 

in the systea. In Figure 7', h?qu? p.- ■ 

nru... .CAi is shewn to be 

record oritnts-j. HPO,-" cat hae , , 

r.-O... .CA. has a plurality of f iie records 

73. f,:e -cord 0 through fii e record S are ^ 

' lSh0UIh H?0 "' CAT — — Tile records than 

are shown in Fi?u-» 77 fi . 

- — - 73. r i.e record 0 is a header wh«ch 

contains varies signatures and is u «.- to m 

Jse. to manage a list of 

fres file records. a *••»•„=,.. 

'-Sna.ure is some known value which if 

Present indicates that the is r „. 

is net corrupted. File 

record , through file record 8 and additioral f«i. 

«--iwiQnai rile records 

(not shown) either d a r « * * - 

" ; "l---S obj.ct, or ,r. free. 

I" « S . Pr.r, rr!3 H?0K? . CAT CJ „ jrou 4r0MlM ,, y 

File r,c or! , a . fln „ , osj#ee caiies 

P.r.«. T»e „ r ,„ : . for , difftp#Bi t ^ 

Obj.c,. , liur . T . ,„„. lh , glo6ai pjrept ^ ^ ^ 

»r.«.h U nk tlcbtl 06J , ct J5J tnro ^ u ^ iMi iieiii 

an, g i- om okJ . ct „, t „ pou!B j65i aj 

° 6J,Ct3 "°- J55 KPOMr.C.T. tM 

,l<1 " ° 6JeCt "°- 25! >• • P«.-« or o„. or „>,.„, 

'» "POHr.C.T. Eteh oe . eot la HF OHF , c A T .„« lt Bot , 
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"SlUpat- in a «.., u wlRdow ?9? re3 

.. u '-f to an em,, 

" 15 a ■="•»«• both ,„ „ Jta 
«-»^.y.d in w lr . 3ov 7 9 6 al3pUy<d , 

79.. re!1 ° n 7 95 « 

cm:, 06Ject 706 tni3 ^ 

- ...... .... .... .....^ . 

— ......... xt , k 756 1 . . ta . it 

Or!F 10 0 loo., U p all of 

nnK3 that use the data 

ltnks t P3rent ob J«t or any of the 

13 not active, OMF 100 set, the bit 

P^ n t o bJ ect can then 

r.flu.jt t.1. B .» dan. 

- - .. Mr .. ( 0SJect ,„/ 
™ — the »» - — l3 <ddltlen . 1 - 

description of the View Spec *i e .t,„ 

spec. 4 lcatlon, are found i a 

Appenclxe, a, C and D. 

"•>•« « 71 .. 6X . t0 c „. unicate witftch;ia osjMtfM • 
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706 knowlRB th . ldfnel5y or iry othtp detaii3 aboyt ^ 

0th8r - ^ ?ar ' Rt id.ntlfi.. che link U3lng cnly the 

reference name or the link. 7h . chlld obJecfc ldentlfles ^ 

link -ing just the data identification number of the Unk . 

OHF 100 d oe 3 all thf tr . Mlatlon and ldtBtlf flf tfhtcft 

links and which objects are involved. 

System fil, 60., HPOHF.PRP, ls al30 p . f , pp>d t<) ^ 
SrSPHOP. HPOMF.PHP contain, all the object and class 
Properties except for the fast object properties which are 
contained in HPOMF .CAT. Each record in 3y3tea m . 6o , 
( H? OMF . C A T ) and system fil . 6C2 < H p 0 MF.CLS> has a properties 
neld, as described above. Each properties field contains 
the fields describe- in Table 6 below: 



Table 6 



DiTDi skLoc 



Contains the position (byte 
offset) within HPOMF. PRP of the 
property list directory. 

n?r ° PS Contains the number of 

properties in the property list. 
This la the number of entries In 
the directory entry array 
described below. 

Contains the combined length of 
»11 the names of the properties 
in the property list, including 

n«i ll "i!r alB * tlBf bTte rop 

name. This Is the size of the 
directory name pool described 
below. 



Pools i se 



For each object and for each class, at the DirDlskLoc 
Portion L, the HPOMF.PRP f tle 1, tn . prop-pty directopy fep 
that object or that class. The directory has two major 
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pcrtior.,: the entry array, follow*. by t „ t naffl# , 

y tne nain « Pool . The 

entry array h as cr.e ent-y r ar A,.* 

•n-X Tor each property in the proper' 

ll3t ' E3Ch ""-^ fl «"» out in Table ? below; 

Table 7 

Speclfi., to, l e „g t „ ln „ 

associated property. if 
ValueLen l 3 2ero , this is a ,, fl 
«ro and there l's no va"l U e ° 
scored anywhere. 

This field ls only U3ed 
t^%iJe. t3 " 0t —«ingf«l in 



ValueLen 



ValueDiakLoc 



CacheOffaet 



--l"!^ t». .» try array ls tSe naoe pooi 

r..x. p. rtl . B of BP0W ..,, eontiiB> ^ „ ull . teratnated ^ 
- p»p.«i« 1B ls . lllt . lBtll . .... m ^ 

user consents, <ia*# an* * < - ' 

<a.e an. ti ae of creation, the user who 

created the object c 

J k ' etC ' Fop ao '« infornation on 
Properties, see Appendix D. 

W0W -'"' ir ....... 

° — !..„. 6y£e61t „ ap cont _ J 

" » .,«.. la !.„,,„. Th „. pages 10Beduteiy fouou ^ 

significant bit c ' #»^h u „ ^ 

c. each word used first. Thus, bits 15 

through 0 of th* r<~m + 

the f 4Plt W0Pi of th§ bltoap ^^^^^ ^ 

allocation of pages 0 through t 5 of the 

1 cn * -He. respectively. 
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Wen atorag, , „ t ;, e riP3t ^ ^ ln3uf ^ 

-con, blt .„ l3 ae:ti £0 the , ne , ollowlng ioj ^ 

20.7, rollew jeeon<| MtM ^ 

' <1U "°' 1 MtI> » ■»* »«» in the aa.. i3 



needed 



block in the film 4 * 

3X1 ■"•"I"' i- 1*. aa,, blt „p. Thl3 C , J3 „ the 
r..««.«l.„ ts „ „ alr , ctory or Mlut MB ^ 

COJU tliea 3 J) in l.ngtR. 

Sr.'-.. fll. 605, HPOM..INS, ia , l30 1 . erepred „ >s 
SrSIMTl - " P0Hr - INS •"'«»• » «r „. ftu , ,„„ u . re 

Information is used so that thai- m 

" theae fUes ca « be deleted when 
the class is d e-i ns t a 1 1 ed . 

" HPOKF.IHS 1, , , 8ll0l , wor< , valu . 

-»le» aerv„ a, . „,l« ei ,/..r,L. B lc„tlM, P . lB lh . 

preferred embodiment the valut « #• .. * , 

• alue of th *» double word must be 

0101ABCD hex to be valid. In Table 8 th( , 

xaoie a, this number is stored 

a» = how„ 6ecau3 , of ppotocolj for stopase ^ ^ 

, " U '" 1 " Pr0 """ th. pr.,. ri .., ..^„.„ t , ..... 

• n 80 J86 . t „., ro ..... r (y Int<1 Cop(>oratlo[)i 

F.ll..ln« ... doobl. „ rd „.., a 3 , ple3 of yariabi< 
l«fth ,«.,„.. T , ere l3 0 „ recora fQr inatiii ^ 

•1".. T», flP3t „ P1 or „ ch racord ^ ienjth ^ ^ 

«« of «!■.. r.cord, •„ byl ... TP ., 3 l3 fclloB<< by au _ 
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e.r.tn.tei o, . null „ 

«». i. n( . h „r .„. fll . na= lnel 

. the file i 3 a33Uffled to b «» i 
the H'NVPROc located in 

n wp r OG directory. If th _ ... 

special eha na " € beglnS With 

fecial character ... the fiX . la a33uae<J 

th. HPKVDATA directory. 10 

r ° P exa =Pl«, assuae two cla 3aea a - , 

"A- and e , Stalled: cla 33 

<~ •«< -COL. Class "AB" caused two flies to be 

-"•11-. -Z- to HPNVPR0C dlr-fito 

~r A directory Cl . „ r 

Cla33 1 rile to be 

installed- "YYvrt. 

■ .... ... „„„ oc <1 „„. rr i(< 

* • - - — - ~ .... 



Table 8' ' 

°</«t content 
? CD AB 0 1 01 ? a !° ta 

Length of AB record ( i? 
6 41 i,- Q decimal) 

9 014 " AB " * M«U 

Length of length byte .. 2 . , 

J 

0 A 0% 9 59 °° 

Length of CDE record do 
1U Hit us o« -eelaal) 

13 ol M " 5 00 "CDE- * Mull 

Length 0 f lengtn b „ 
'9 j, cp c - , a . * Null AA * 



2A 59 58 53 00 -.jcxX" «, Mull 



EP 0 497 022 A1 



20 



30 



-5 



50 



System file 605, KP0*F.SDF is also referred to as the 
-ahutdo-n file". HPCKF.SD- exist, only when the system has 
been cleanly shut down. It is deleted as the systes starts, 
and created as it shuts down. On startup, if this file is 
missing, OK- assumes that the last session ended abnormally, 
and so it goes through Its crash recovery procedures to 
validate and repair the system fu„ as best It can. The 
system files can be in an invalid but predictable state on a 
crash. These errors are corrected without user 
intervener.. Certain other kinds of file consistency 
errors a re d e t ec t ed , but are not really possible from an 
"ordinary- system crash. These error, are in general not 
correctable and the 0 MF will not allow the system to come up 
in this case. 

If HPCKF.5DF is present, it contains a list of objects. 
When the system is being shut down normally, each object 
which is active at the time can request that the OMF restart 
them when the system is restarted. The list of objects, 
then is the list of tags of objects which have requested 
that they be restarted when the system is restarted. 

The first word in HPOMF.SDF Is a flag word. If this 
word is non-r.ro, OHF will execute its cr*sh recovery code 
ever, though HPOMF.SDF exists. Normal shutdown will set this 
flag when producing the file if some serious error occurred 
in the session being ended. 

After the first word, the rest of the file is a 
sequence cf three byte records. The first two bytes of each 
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record contain the tag of the object to be restored. The 
least significant byte is first. The third byte is not used 
in the preferred embodiment, and is zero. 

For example, if the system is shut down cleanly in the 
last session and two objects, having tags of 2 and 7, 
respectively, have requested restart, the contents of 
HPOMF.SDF will be as set out in Table 9 below. 

Table 9 

offset content comments 

° 00 00 Indicates no crash recovery 

needed 



2 02 00 

U 00 



Tag of first object to restart 
Unused and reserved 
? °: 00 Ta « of second object to restart 

Ul " Unused and reserved 



System file 7, HP0MFIC0.NWE, is a Microsoft Windows 
dynamic library executable file which contains a dummy entry 
point and no data. Microsoft Windows is a program ,old by 
Microsoft Corporation, having a business address at 16011 NE 
36th Way, Bedmond , WA 98073-9 717. HPCMFICO.NWE also 
contains as "resources" the icons of each installed class. 
OMF modifies HP0MFIC0.MWE directly during run time, and 
loads and unloads it to get the icon resources fro. tt. The 
format of HP0MFIC0.NWE is defined in Microsoft Windows 
documentation distributed by Microsoft Corporation. 

Normally working with a view (see discussion on views 
above) causes a child's application to be Invoked. Where 
large applications are involved, this can cause a lot of 
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unn.e.„.ry o...-h..d. 7,, UJe or ,„.„„„, ,„„ m , 

overhead to be e 1 1 a L na t e d . 

A snapshot I, an object that .ses executable code froa 
a separate library rtf-pp . d tQ , 

(or DAL) rather than using the full application executable 
code. The only data m , a330Clated „ m g 3nap3hQt 
contain, data which l 3 to be sent fro, a child object to a 
parent object. The code which encapsulates the data file 
although referred to a S a dynaaic library, is , tlll 3tored 
in directory HPOMFPROC (directory 668). 

For exa.ple. Figure 81 .how. a parent object 501 linked 
to a child object 502 through a lln* 5 0«. Associated with 
H-W 50, is a snapshot 503 . 0nce cMld Q6ject de3ignatftd 
snapshot 503 in a view specification record for lin* 50*, 
anapshot 503 is able to provide data fro, child object 502 
to parent 501 without the necessity of invoking an 
application associated with chile object 502. 

A. shown in Figure 82, when there is no snap S hot, child 
object 502 BUS t be active in order to send view data 522 to 
Parent object 501, la order fop papeRt obJect ^ ^ 

view data 522 in a window display 521. Xn Flgure 83> 
however, snapshot 50 3 is shown to provide, view data 522 to 
parent object 501 wltnout th . nece3 , lty of ^ ^ 

active. Further i a pi eaent at 1 on details of snapshot, are 
Siven is Appendix 8 , Appendix C and Appendix 0. 

Appendix A is a list of Ba jor data structurea within 

OMF 100. 
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En^ron.ent. Program Design 
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7 * lBpl *«««ted. including detail as 
to how OKF ioo allows data to be viewed' b. t 
M . , newed between windows 

displayed on monitor 1U. 

Appendix D (Chapter 2 of p M . 

of Programaer-s Guide) gives a 

further overview n r * k - * 

th. pr.f. rr . d , rtht ppeaent 
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Claims 

1 ' iLmT ^ d 'T DU ' ed COn10U,er SyS,6m com P r ' s '"9 ■ "«*ork of worKs.at.ons and means for 
fran,m.n.ng ob.ects between workstat,on S characterised by objects includmg a first ob,ect type for 
stonng data ana a second ob,ect type for presenting data to a user, wherein objects of the second type 

to a C c r e t r ^I^ a f ^ f r l aSSO K ,a,e ^ 0&,eC, °' ' irSt tVPe ,V - S ' ? ° enab ' e 3 P ' ura, "V o« «« of workstations 
Z v V, h J 6 '' * ' rS ' !yPe - COrnpriSing meanS f0f ^nsm,tt.ng an ob.ect of the second 

Pe V-c, between workstations thereby to create a reference to the assoc.ated ob,ect of the fir-t type 
<v-s) for each workstation receiving an obiect of the second type. " 



A system according to claim 1 comonsmg means for cooymg an obiect of the 
cetween workstations. 
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